Murine DNA polymerase alpha fills gaps to completion in a direct assay. Altered kinetics of de novo DNA synthesis at single nucleotide gaps.
DNA polymerase alpha was studied in a direct gap-filling assay. Using a defined template, DNA synthesis was primed from the M13 17-mer universal primer and blocked by an oligonucleotide hybridized 56 nucleotides downstream of the primer. DNA polymerase alpha filled this gap to completion. A time course of the reaction showed that in 50% of the substrate molecules, gaps were filled to completion within 10 min. In another 35% of the molecules the final nucleotide was lacking after 10 min. This nucleotide was added at a reduced rate, and was not incorporated into all of the molecules even after 6 h. The reduced rate of incorporation of the final nucleotide is reflected in an increased Km for de novo incorporation of one nucleotide at a single nucleotide gap (0.7 microM), as opposed to the Km for de novo incorporation of one nucleotide into singly primed M13 DNA (0.18 microM). DNA polymerase alpha purified from murine cells infected with the parvovirus minute virus of mice, and HeLa cell DNA polymerase alpha 2, exhibited the same kinetics of gap filling as did DNA polymerase alpha purified from uninfected Ehrlich ascites murine tumor cells. T4 DNA polymerase filled gaps to completion in this assay. Escherichia coli DNA polymerase I Klenow fragment quantitatively displaced the downstream oligonucleotide, and extended nascent DNA chains for an additional 100 nucleotides. Nicks and single-nucleotide gaps produced in gap-filling reactions by murine DNA polymerase alpha and T4 DNA polymerase were sealed by T4 DNA ligase.